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SATURATED LIQUID DENSITIES OF 
OXYGEN, NITROGEN, ARGON, AND PARAHYDROGEN 


H. M. Roder, R. D. McCarty, and V. J. Johnson 


Integrated tables of pressure, volume, and temperature 
for the saturated liquid, from the triple point to the critical 
point,of oxygen, nitrogen, argon, and parahydrogen are pre- 
‘sented. The tables include entries of integral values of 
temperature in both Kelvin and Rankine, and integral values 
of pressure in both atmospheres and psia. Volumes and densi- 
ties in three different units and a density ratio are tabulated 
for each entry. Estimates of the uncertainty of the tabulated 
data are given. 


Key Words: Pressure, volume, density, temperature, saturated 
liquid, oxygen, nitrogen, argon, parahydrogen, 
uncertainties. 


1. Introduction 


In this report, standard density data for the saturated liquid of 
four commercially important gases are presented. The report was pre- 
pared at the specific request of users such as the Compressed Gas 
Association, the Department of the Air Force, and the State of Calif- 
ornia, who must either pay for goods delivered, or supervise delivery 
to customers. These agencies have experienced a certain amount of non- 
uniformity in costs and billings that arise because different suppliers 
use slightly different methods or values for the physical properties of 
these gases. 

The report is a logical extension of an earlier effort, pamphlet 
P-6, "Standard Density Data Atmospheric Gases and Hydrogen," by the 
Compressed Gas Association. In this pamphlet, values of pressure, temp- 
erature, and density for the Normal Boiling Point (NBP) and Standard 
Temperature and Pressure (STP) were presented. 

Now we need more than just the two state points NBP and STP; we 
need a definition of the saturated liquid curve as well. Also, the 
sources selected for this document are considered to be the best avail- 


able today. The compilations of oxygen, argon, and parahydrogen, each 


representing at least two man years of effort, were not available in 
1965. The source for nitrogen remains unchanged. Numerical values 
differ from the earlier selections by as much as 0.1%. The advantages 


in using the present sources aret 


1. Each of the compilations selected present a consistent set of values 
from a single source for each fluid. 

2. All available data, in particular the correlation of the single 
phase PYT data with the saturation boundaries and the vapor pres- 
sure curve, have been considered, not just the value of the NBP. 

3- The equations of state, in the form of computer programs, allow deter- 
mination of values, both at liquid temperatures and at room tempera-- 
tures. ) 

4. The equations of state used present a consistent set of values for 
the saturation boundary as well as for the compressed fluid states. 
As flowmeter technology improves, an extension to the compressed 
fluid state will become imperative. Such a change can be accom- 
plished without a further adjustment in numerical values. 

We hope that the values presented here will serve as "agreed-on" values 

for some time to come. 

Because NBS has been called upon to make a selection of values, 

a considerable portion of the text is devoted to discussion and an 

estimate of errors. This should satisfy the scholar and scientist. 

Because the use to which the document will be put is eminently practical, 

the tables and graphs are presented primarily in practical units. This, 

and the section on pitfalls or limitations of these tables, should thus 
be useful to the engineer. 


2. Description of Tables and Graphs 


To understand the properties that are presented in the tables and 
graphs, it is helpful to recall one of the "standard" phase diagrams. 
Try to recollect the presentation of isotherms in P-V coordinates as 


given in figure 1. You may recall the rectangular hyperbolas of 
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Figure 1. Generalized phase diagram; Pressure vs. Volume 
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PV = const of the ideal gas, and the critical isotherm first presented 
in a discussion of the Van der Waals equation of state. This report 
concerns only the equilibrium boundary between the single phase (com- 
pressed) liquid region and the two phase liquid/gas region. The bound- 
ary is emphasized in figure 1 and extends from the triple point to the 
critical point*. 

The first table for each fluid presents values of pressure, temper- 
ature, and density near room temperature. One atmosphere is usually 
accepted as "standard" pressure; however, the values of temperature 
chosen as "standard" or "normal" vary. We, therefore, present values 
at O C, which point is usually called "Standard Temperature and Pressure” 
(STP) , and at 68 F as well as 70 F, both of which are referred to as 
"Normal Temperature and Pressure" (NTP). 

The second table for each fluid presents values for the uncertain- 
ties in the data. For the values of the saturated liquid, the uncertain- 
ties include both the errors in the experimental values and the contri- 
bution to the error by using an analytical function to represent the 
experimental values. Errors for values near room temperature are seen 
to be much smaller because PVI measurements near room temperature can 
be made to great accuracy and a better fit to the equation of state 
can be made. 

The third and principal table presents values of increasing 
pressures (vapor pressure) and corresponding temperatures. These two 
variables define the vapor pressure curve. The table is a merged 
table of even values of pressure in both atmospheres and psia and of 
temperature in both K and R. The corresponding entries of density, 
volume, and density ratio follow. There are two columns of density 
ratios. The first column is labelled "Liquid Volume Correction Factor" 
and will be used as such. Physically it is the ratio of the density 
in question, referred to the density at the Normal Boiling Point (NBP) , 


7 
Strictly speaking, in this phase diagram the NBP and the triple point 
are lines extending from liquid to vapor side at the pressure indicated. 


which in turn corresponds to a pressure of 1 atmosphere. For examples 

of use see case 1, the alternate computation of case 3, case 4, and 

case 5 on page 11. The second column is labelled "NTP (70 F) Volume 
Correction Factor". Physically this ratio is also a ratio of densities, 
namely the ratio of the density in question referred to the density at 
NTP. For this column, NIP is selected to be 70 F and 1 atmosphere. The 
units of the two densities are chosen such that the NTP Volume Correction 
Factor yields directly the equivalent number of cubic feet of gas at 

NTP (70 F) per measured gallon of liquid. For an example of use, see 
ease 3 on page 11. Entries in pressure are closely spaced so that 
interpolation between values should not be required. For parahydrogen, 
the increment in pressure is 1 psia from 1 to 150 psia, and for the 

other fluids the increments are 2 psia between 2 and 200 psia and 5 psia 
between 205 and }0O psia. The tables include entries for the Triple 
Point, the Normal Boiling Point, and the Critical Point, and these 

points are set off by double spacing in the table. Conversion of units 
are given in the appendix. Please note that the number of significant 
figures presented in the tables is not justified on the basis of accuracy, 
but are given to maintain internal consistency. 

The first graph for each fluid is a plot of specific volume vs. 
pressure. The graph can be understood quite easily if you imagine 
figure 1 rotated about the 45° axis, i.e., the coordinates interchanged. 
The very practical reason behind this presentation is that the variable 
most easily and often measured on tanks, etc. is the pressure; thus it 
is sensible to have the pressure displayed as the independent variable. 
Because storage and transport tanks are not usually subjected to 
pressures in excess of 150 psi, this is the limit chosen for the graphs. 

The second graph is somewhat more specialized. It gives the 
Liquid Volume Correction Factor (or density ratio) for a pressure range 
of about 50 psia from slightly below atmospheric pressure. Transfers 
of liquid usually take place at pressure conditions different from 
the Normal Boiling Point (NBP), yet the quantity of liquid transferred 
is desired in figures equivalent to the amount at the NBP. The graph 


assumes that either a pressure or a temperature indicator may be used 
to determine the condition of transfer; thus it is actually a pressure- 
temperature plot of the saturated liquid. It is a rotation about the 
45° axis of the more familiar vapor pressure vs. temperature plot with 
the coordinates interchanged. The temperature scale and the Liquid 
Volume Correction Factor scale are arranged in nomograph style for 
convenience of use. Also, an auxiliary scale for psig has been added 
at the bottom of the graph, and an extra auxiliary scale at the end 
of the report. If the local barometer is different from standard sea 
level, either psig scale can be cut out and positioned for the appro- 
priate altitude. 


3. Discussion 


The nature of progress in cryogenics is such that today's "best" 
value may be superseded tomorrow. In the initial effort, Pamphlet P-6 
of the Compressed Gas Association (1965), only values for the NBP and 
values at NIP were presented. The present report includes values for 
the saturated liquid boundary. In logical sequence, the next refinement 
has to include the PVI values in the compressed fluid states because we 
know that in many applications the fluid entering pump intakes is sub- 
cooled to prevent subsequent cavitation. 

We have selected the following sources: Stewart (1966) for oxygen} 
Strobridge (1962) for nitrogen; Gosman, et al. (1968) for argon; and 
Roder, et al. (1965) as well as Hilsenrath, et al. (1955) for para- 
hydrogen. These sources differ from the earlier selection for the 
CGA effort. As you can see, the compilations for oxygen, argon, and 
parahydrogen were not available in 1965. There is, however, a more 
compelling reason in selecting a compilation as a source. We now require 
not just a vapor pressure curve but a correlation of that curve with 
all available PVT data of the single phase (compressed liquid). A 
further reason is that these sources will permit extension into the 


compressed liquid states when and if such an extension becomes desirable. 


One last advantage accrues when we select these compilations as sources. 
Except for hydrogen, we can get the values at or near room temperature, 
i.e., the STP and NIP values directly from the equation of state, inter- 
polated to the accuracy of the original data. 

The last point requires a bit more discussion because it ties in 
with the uncertainties in the values presented at or near room tempera- 
ture. In the present report we have used a high order interpolation - 
the equation of state - to get STP and NIP values. We are justified in 
using a high order interpolation because the various experimenters went 
to considerable lengths to get the most accurate PVT values at condi- 
tions close to room temperature. According to Cragoe (1941), relative 
measurements of pressure and volume near room temperature can be made 
to a few parts per million, and the scatter between PVI values of 
different observers can to a large extent be explained by the use of 
different fundamental constants. In tables 2, 5, 8, and 11, we indicate 
an uncertainty of 0.01% as the uncertainty in molar volume at STP; this 
is the familiar 22.4 liters per mole that is encountered in elementary 
texts. The uncertainty is based on a consideration of the ice point 
temperature, Ty? rather than on a comparison of different experiments. 
The fundamental constant To is now defined to be 273.15 K, but the 
average over a large number of determinations of different investigators 
for different gases was 273.165 (Beattie, 1941). We have taken the 
difference between these two numbers as an indication of the true 
uncertainty in the molar volumes. Even if the values of different 
authors are compared directly, the differences are not much larger than 
0.01%. Take for example hydrogen, the molar volume is 22428.5 em® /mole 
according to Woolley, et al. (1918), while it is 22433.6 em*/mole 
according to Michels, et al. (1959). The difference is O2022%-0) in 
contrast to this there is no difference between recent measurements on 
oxygen by Weber (1968) and those of Michels, et al. (1954) if one uses 


identical values for the fundamental constants R and To. 


The earlier effort (CGA, 1965) was slightly inconsistent in that 
for argon and oxygen linear interpolation* was used, while the higher 
order interpolations were used for hydrogen and auEOReT- The room 
temperature values presented in this report for NIP of oxygen and 
argon will differ by about 0.02% from those given CGA in 1965, while 
those for nitrogen and parahydrogen are unchanged. On the other hand, 
the densities of the saturated liquid at the NBP have changed by 
0.1% for oxygen and nitrogen, and are virtually unchanged for argon 
and parahydrogen. 

Another word on errors given in tables 2, 5, 8, and 113 in 
obtaining entries for our primary tables, we have assumed either 
temperature and density or temperature and pressure to be exact. 

Thus only uncertainties in pressure in the first case and density 

in the second case are of concern and should be presented. However, 
uncertainties for all three variables (P-V-T) are presented. This 
allows the user to enter the tables with any combination of variables 
and obtain the uncertainty in the resulting value. Other considera- 
tions are also important. One is that our practical temperature scales 
differ from the thermodynamic one--the absolute one. This is the 
indication in the tables of error as far as temperature is concerned. 
Occasionally the uncertainties given for temperature may simply indicate 
the extent to which we are able to measure or achieve a certain tempera- 
ture. The situation with pressure is similar. In our laboratories, with 
high precision apparatus, we can achieve a resolution of, say, O.OO1 atm. 
However, an equation of state is normally a function of temperature and 
density, that is, P = f(T,p), leading most compilers to present un- 
certainties in terms of pressure deviations assuming the density to be 
exact: In this compilation, where deviations in pressure were avail- 


able, we included them as additional information. 


Exactly as recommended by Hilsenrath, et al. (1955), but not taking 
advantage of the accuracy inherent in the data. 
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Figure 2. Generalized Phase Diagram; Volume vs. Pressure 
4. Limitations and Usage 


In practice, a number of problems are encountered that would intro- 
duce errors beyond what we might expect from the uncertainties inherent 
in the data. A few of the practical problems are indicated below. 

a) The informed engineer recognizes that the processes of transfer, 
transport, pressurizing, siphoning, and stratification in storage tanks are 
all non-equilibrium events. The properties presented in this report are 
equilibrium properties. 

b) We have indicated that pump intakes, or, for that matter, flow 
meter intakes, are usually subcooled to prevent cavitation. As the need 
arises, the user can extend the graphs of specific volume vs. pressure, 
figures 3, 5, 7, and 9, by adding appropriate isotherms for the compres- 
sed liquid states. This can be done by referring to the source docu- 
ments and by noting that the liquid isotherms in the range of the graphs 
are almost straight lines. This is indicated schematically in figure 2 


where the isotherms for oxygen, nitrogen, and argon are shown as 
straight lines. For parahydrogen the isotherms may show some slight 
curvature, as indicated. 

c) The purity of the product will also play a role. The proper- 
ties presented here are for the pure product made available under 
laboratory conditions, and may not be appropriate for certain purity 
grades of commercially available gases without some adjustment for the 
known impurities. 

ad) The values presented in this report were obtained from 
various computer programs. We have in the past made these programs 
available to any user requesting them. However, different computers 
will return different results from the same programs; in particular, 
they will round differently. The user should be aware of the follow-= 
ing: The accuracy of the data for liquid conditions is on the order 
of 0.1 to 0.3%, while the accuracy of the room temperature values is 
on the order of 0.01 to 0.02%. We have, therefore, printed no more 
than 5 digits anywhere. Please bear in mind that even the fourth digit 
is uncertain for most values, that is, the digits printed are only to 
maintain internal consistency of the tables and to allow you to check 
out your computer programs. If occasionally pairs of values or reci- 
procals do not seem to correspond, then the fault can be traced to 
rounding errors. 

Examples of usage are included because they may be of value to 
individuals not skilled in the use of graphs. We have mentioned the 
compensation for altitude. As an example, atmospheric pressure in 
Boulder, Colorado, is near 12 psia. If we had a pressure gage which 
measured pressure with respect to atmospheric pressure, i.e., a gage 
which reads psig and not psia, then we could cut out the extra auxi- 
liary scales at the end of the report and paste them on graphs }, 6, 
8, and 10 over the main scale with the zero of the auxiliary scale 
lined up with the 12 on the primary scale. 

When we use the tables and graphs to prepare billings, a number 
of combinations are possible. The ones likely to occur are discussed 


below. 


LO 


Case 1. Price given in terms of gallons at NEP, 
flowmeter reading 25 gallons, tank pressure reading 26 psia, 
fluid liquid nitrogen, price $ 0.40 per gallon at NBP. 
We would go to figure 6 and enter with 26 psia on the primary 
scale to read out a value of 0.970 for the liquid volume correction 
factor (or the use of table 6 gives a value of 0.9697). 
The billing computation is: 
gallons x liquid volume correction factor x price 
25 gal x 0.970 x $ 0.40/gal = 39-70. 

Case 2. Price given in terms of weight, 
flowmeter reading 25 gallons, tank pressure reading 26 psia, 
fluid liquid nitrogen, price $ 0.06 per pound. 
We would go to table 6 enter with 26 psia and find in the columns 
ef density 6.5341 Ib/gall. 
The billing computation is: 
gallons x actual density x price 
25 gal x 6.5341 lb/gal x $ 0.06/1b = $ 9.80. 

Case 3. Price given in terms of cubic feet at NTP (70 F), 
flowmeter reading 25 gallons, tank pressure 26 psia, 
fluid liquid nitrogen, price $ 4.32 per 1000 ft® (NTP). 
We would go to table 6 and enter with 26 psia to read a value of 
90.19 ft*/gal for the NTP (70 F) volume correction factor. 
The billing computation is: 
gallons x NTP (70 F) volume correction factor x price 
25 Gel SOAS) WE jaa ¢ Ghose Aloo) sty = $9.7h. 
Alternate Computation: Since the column labelled "NTP (70 F) Volume 


Correction Factor" 


is the combination of the liquid volume correction 
factor multiplied by the equivalent volume at NTP (70 F), we could have 
used figure 6 with a pressure of 26 psia to read a value of 0.970 for 
the liquid volume correction factor and table 4 to obtain the equi- 
valent volume of 93.00, ft®/gal for a temperature of 70 F. 

The billing calculation then becomes: 

gallons X liquid volume correction factor x equivalent volume xX price 


2realn On9 (OmasenOOnmet jal: Ge. 32/1000, £t> = $9.7: 


Case 4. Price given in terms of Standard Cubic Feet (SCF) at STP(0C), 
and our flowmeter is geared to read in cubic feet. 
Flowmeter reading 2158 £23; tank pressure reading 26 psia, 
fluid liquid nitrogen, price $ 4.66 per 1000 SCF. 
We will assume that the gearing ratio of the flowmeter is based 
on the volume change NBP to STP. If so, then the liquid volume correc- 
tion factor still applies and we have to go to figure 6 (or 
table 6) as before to get a value of 0.970. 
The billing computation is: 
cubic feet xX liquid volume correction factor x price 
2158 £t® x 0.970 x $ 4.66/1000 SCF = $ 9.75. 
Case 5. Any of the above, except that we have a temperature sensor on 
our storage or transport tank instead of the pressure gage. 
The temperature reading is 148 R. We would go to figure 6 and 
use a straight edge to read across from the temperature scale 
at 148 R to the liquid volume correction factor scale to get a value 
of 0.972. The value obtained from table 6 for the liquid volume 
correction factor is 0.9717. The corresponding value for density 
ts 6.54 Lb calle 
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5. Oxygen 
The data for oxygen tabulated here are from Stewart (1966) and 
Weber (1968). The data for temperatures of 65 K and above were calcu- 
lated by simultaneous solution of the vapor pressure equation and the 
equation of state reported by Stewart. These calculations were performed 
by first solving the vapor pressure equation for either pressure or 
temperature, and using the resulting P and T as input to the equation of 


state to obtain a corresponding density. 


Table 1 


Density of Oxygen at 1 atmosphere near room temperature 


Temperature Density 
bie 


0 .000044660 0.089214 0.011926 
0 .000041602 0.083106 OL OMs EEO 
0 00004145 0.082791 0.011068 


Density Ratios and Equivalent volumes 


density at NBP 
density at the temperature indicated 
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Values near room temperature are given in table 1. They differ 
from those given in the CGA pamphlet by 0.02% primarily because a higher 
order interpolation is used here. Uncertainties in the data are given 
in table 2. The main list of values is contained in table 3. The pres- 
sure and temperature of the first two entries in table 3 are from the 
vapor pressure equation as described above, but the densities are from the 
experimental data by Weber. The value of the NBP density in table 3 is 
different by 0.2% from that listed in the CGA pamphlet. The present value 
is considered to be better because it includes additional PVT data. 


Table 2 


Uncertainties in the data for oxygen 


uncertainty range of temperature 


temperature below 90 K 
between 90 and 154 K 
near critical 
room temperature 


volume 0.1% between 54.353 and 60 K 
0.5% between 65 and 150 K 
larger 
than 0.5% between 150 K and critical 
0.01% room temperature 

pressure below 90 K 

between 90 and 154 K 
near critical 
room temperature 
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6. Nitrogen 


The data tabulated for nitrogen are based on the paper by 
Strobridge (1962). The saturated liquid values were calculated by sol- 
ving simultaneously the vapor pressure equation and the equation of 
state. First the vapor pressure equation was solved for either pressure 
or temperature depending on the integral value desired, then using the 
resulting P and T, the equation of state was solved for the correspond- 
ing density. All of the tabulated values were obtained in this manner 
except the critical point. At the critical point the vapor pressure 
equation was used to calculate the pressure from an input temperature 


of 126.26 K but the density was calculated using the theory of 
Table 


Density of nitrogen at 1 atmosphere near room temperature 


Temperature Density 
fee | _ie/eet 


Onc 0 .000044635 0.078066 0.010436 
68 F 0 .000041582 0.072725 0.009722 
70 F 0.00004142h 0.072450 0.009685 


Temperature 


ae em® /gram-mole Pe //159 gal/1b 
O€ 
68 F 
O18 . 


102.860 
103.251 


95 .823 
Temperature Density Ratios and Equivalent volumes 


density at NBP 
density at the temperature indicated 


dimensionless 
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rectilinear diameters and the saturation densities tabulated by 
Strobridge. 

Values near room temperature are given in table 43 as the 
source has not changed, the values remain the same. Uncertainties in 
the data are given in table 5. Near the critical point, the deviations 
between calculated and experimental data goes from 0.2% at 125 K to 
5% at 126 K. The critical density given in table 6 is uncertain by 
5% as well. The bulk of the values are found in table 6. The value of 
the density at the NBP in table 6 should be the same as in the CGA 
pamphlet, yet they differ by 0.2%. This is surprising as the source 
has not changed, and we can only suspect an error in the printing of 


the pamphlet. 


Table 5 
Uncertainties in the data for nitrogen 


uncertainty range of temperature 


temperature 64 to 72 K 
TA tO WAS 3 
room temperature 


volume 0.4% Wis) WO IAS 1% 
increases to 5% ene A216) 16 
0.01% room temperature 
pressure 64 to 72 K 
(2 wo IDS i 
room temperature 
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7. Argon 


The data for argon given here are from Gosman, et al. (1968). 
The entire PVI tabulations were calculated by a simultaneous solution 
of the vapor pressure equation and the equation of state reported by 
these authors. The calculation of each point was performed by solving 
the vapor pressure equation for either P or T depending on which was 
the integral value input. Using the P and T so obtained a corresponding 


density was found from the equation of state. 


Table / 


Density of argon at 1 atmosphere near room temperature 


Temperature Density 
wefe[_t/ea 


0 .000044659 Opaalela 0.014888 
0 .000041601 0.103749 0.013869 
0.000041 444 0.103356 0.013817 


Temperature Density Ratios and Equivalent volumes 


density at NBP 
density at the temperature indicated 


dimensionless 


Tak 


Figure 6 
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Values near room temperature are given in table 7. These values 
differ from those in the CGA pamphlet by about 0.02% primarily because 
a higher order interpolation is used here. Uncertainties in the data 
are shown in table 8. The tabulation for the saturated liquid line is 
found in table 9. The value of the density at the NBP differs from 
that in the CGA pamphlet by 0.04%. The new correlation includes quite 
recent data both on PVT and on the temperature scale corrections and 


should, therefore, be more accurate. 


Table 8 


Uncertainties in the data for argon 


uncertainty range of temperature 


temperature 0.08% 84 to 87 K 
0.02% CP 3g USK ix 
OROMS eK room temperature 


volume 0.1% triple point to 145 K 
increase to 1% linearly from 145 K to critical 
0.01% room temperature 
pressure 84 to 87 K 
Si wo ish vx 
room temperature 


he 
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8. Parahydrogen 


While the document or source for parahydrogen has changed, the 
numerical values remain the same. The tables for the saturated liquid 
were calculated using the explicit equations for vapor pressure (Weber , 
et al. 1962) and saturated liquid density (Roder, et al. 1963) which 
were incorporated unchanged into the final compilation (Roder, et al. 
1965). The values for temperatures near room temperature were taken 
from Hilsenrath, et al. (1955), using a high order interpolation. This 
is the source used by the experimenters in their determination of the 
liquid densities. The CGA pamphlet cites Dean (1961), who also presents 
a high order interpolation of Hilsenrath's values. 


Table 1O 


Density of parahydrogen at 1 atmosphere near room temperature 


Temperature Density 
wine [ie 


0 .000044588 0.005611 0.000750 
OQ .000041547 0.005229 0.000699 
0 .000041390 0.005209 0.000696 


oF ler 
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191.97 


Temperature Density Ratios and Equivalent volumes 


density at NBP 
density at the temperature indicated 


dimensionless ee tay cell 
Bly fates 


105 273 
112.98 
113.41 
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Values near room temperature are given in table 10. As stated be- 
fore, these values do not differ from those presented in the CGA pamphlet 
P-6. Uncertainties in the data are shown in table 11. The main table of 
values pertaining to the saturated liquid are found in table 12. An 
astute observer may detect a difference of one part in 4000 in the 
density at the NBP between this table and pamphlet P-6, but that differ- 


ence is caused only by accumulative rounding errors. 


The properties presented here pertain to parahydrogen. Specifi- 
cations for delivery of parahydrogen are usually stated as 95% para- 
hydrogen with the remainder being orthohydrogen. As a matter of fact, 
producers do not send less than 97% parahydrogen to storage tanks, and 
the liquid when shipped is, or is very close to being, equilibrium 
hydrogen. Equilibrium parahydrogen is 99.79% para at the NBP, and the 
difference between it and 95% parahydrogen amounts to about 0.008 K or 
about 2 mm in pressure. It is easy to see that sophisticated equipment 
is required to detect ortho-para composition. The matter of composition 
is mentioned because the amount of orthohydrogen present has a very 


pronounced effect on the length of storage. 


Table 11 
Uncertainties in the data for parahydrogen 


uncertainty range of temperature 
temperature 0.02 K 
OOM aK 


ae 
pressure 0.05% 
0.01% 


triple point to critical point 


room temperature 


0.1% triple point to 32 K 


near critical 


increases to 0.3% 
0.01% 


room temperature 


triple point to critical point 


room temperature 
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10. Appendix 
Units and Conversions 


The calculations for all fluids were performed with equations 
whose units were atmospheres, degrees Kelvin, and molar volumes. The 
various units presented in the tables involved the following conversion 
factors (IUPAC 1961 and Mechtly 1964): 

Molecular Weight 


Parahydrogen 2.01594 14.696 PSIA = 1 atmosphere 
Oxygen 31.9988 1.8 degrees R = 1 degree K 
Nitrogen 28 .016 1000.0 em® = 1 liter 
Argon 39.948 28.316847 liters = 1 ft? 
3.7854118 liters = 1 gal 
453.59237 em = 1 1b 
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